The diploids obtained by crossing L2 with L1 and L3 with Ll were referred to as L12 and L13, respectively.
Mass-mating method8~ was adopted, and clones of single cell isolated with micromanipulator were confirmed to be true hybrids by sporulation and tetrad analysis9~ . All the strains were stocked at 0-5° on agar medium without copper addition.
Composition of the culture media called LS and HG are given in Table 2 . For solid media agar was added to 1.5 per cent.
In preparing copper-containing media, 100 mM For observing the growth process, 100 ml of HG medium dispensed in 200 ml Erlenmeyer flask was inoculated with about 1 per cent of the expected final cell mumber, and, at suitable periods, the cells were harvested from one of the parallel cultures.
The cells were washed twice with M/15 KH2PO4 solution and once with distilled water, dried up to constant weight at 95°, and the dry yield was determined.
For determining the effect of copper and other inhibitors on the cell viability, cells were mixed in molten nutrient agar media at 40° with and without addition of inhibitors, and 20 ml aliquots were poured into Petri dishes, 9 cm in diameter.
Colonies were scored after 72 hours incubation, and the counts of the inhibitor-containing plates were represented in percentage of control. The incubation temperature was 30° throughout.
For determining copper content of cells, suitable amount of dried cells was oxidized with 1 ml of 16 N H2SO4 and few drops of H2O2, and after the procedure of carbamate method transmittance at 440 mp was determined using Shimazu's photoelectric spectrophotometer10'.
Cellular content of sulfide and thiol group was determined by nitroprusside reaction":
About 50 mg of dried cells was melted with metallic sodium, total volume made up to 5 ml with distilled water, added one drop of 1 per cent sodium nitroprusside solution, and the density of reddish-violet color was compared with that of other samples.
Results

1.
Copper resistance of the strains used: The three haploid strains, L1, L2, and L3, and the two diploid strains, L12 and L13, were plated using HG medium to which copper was added at various concentrations.
Colonies were counted after 3 days incubation, except L3 for which counting after 5 days was suitable because of its slow growth.
As seen in Fig. 1 , effect of copper on each diploid exactly followed the curve for the more resistant one of its parents.
Hence the dominance of copper resistance was demonstrated as reported by Brenes-Pomales et al.4~
2. Growth patterns in liquid media: Growth of the strains mentioned above were compared using the liquid HG medium with and without 2 mM. CuSO4. In Fig. 2 is seen that, in the normal medium, all the strains grew with nearly the same growth rate, except L3 which grew more slowly than others.
In the 2 mM copper medium, copper resistant L3 and L13 grew steadily, but less resistant L2 and 
Copper content of cells during growth:
It was reported that, in media containing certain concentrations of copper, the copper content of cells remained low while the growth was first inhibited and increased remarkably with the progress of 3. Growth and copper content of cells of three strains incubated in the medium containing 0.1 mM. CuSO4. Key to curves: 0 (L1), 0 (L2) and 0 (L12) for growth, and ® (L1), ® (L2) and ® (L12) for copper content. Vol. 77 the secondary growth5> . Hence it was interesting to see the copper content of cells in relation to the growth process in copper-containing media. When the medium containing 0.1 mM CuSO4 was used, which did not inhibit the growth even of the most sensitive Li, the cultures did not contain, during the period up to 96 hours, any appreciable fractions of dead cells, as detected by the methylene blue staining and by the comparison of viable cell count.
As seen in Fig.  3 , copper content of cells increased during the stationary phase as well as during the logarithmic phase.
Copper content of copper sensitive L1 was about twice ass high as that of the more resistant L2 and L12 at any growth stage.
The copperbinding capacity of cells of L1 seems to be much larger than that of the other two. The color of packed cells was faint brown for all the three strains.
When the medium containing 0.4 mM copper was used, the growth of L1 was inhibited for about 44 hours, followed by a rapid secondary growth, but the growth of L2 and L12 was not affected by copper, as seen in Fig. 4 . Dead cells as stained by methylene blue were scarcely found in the latter two cultures, while the number of dead cells was significantly large in the inhibited culture of L1. When cells of the L1 culture at 96 hours were transferred to the copper medium, the growth proceeded just as in L2 strain.
The copper-resistant strain thus obtained from Ll willl be referred to as L1R (see Fig. 4 tion of culture medium (as in Fig. 1 ). Comparing packed cells of the four kinds of cultures at 96 hours, the shade of brown coloration was in parallel with the copper content.
In the next place a copper concentration of 1.5 mM was used, which inhibited the growth of L2 and L12 for 40 hours, as seen in Fig. 5 . These strains showed the secondary growth just as L1 did in the 0.4 mM copper medium, while 1.5 mM was too high concentration for L1 to show the secondary growth.
The relation of copper accumulation to the growth resembled the preceding case. And cells became brownish in the late stage of growth.
The series of experiments using different copper concentrations and different strains showed that the copper accumulation of cells proceeded only when the growth proceeded, i. e., either when the copper concentration was low enough for the growth of the strain or when the secondary growth occurred after a period of growth inhibition.
It is thus suggested that the copper accumulation occurs as a result of some metabolic activity of cells.
4. NitroIYUSSide reaction of cells: It has been reported that the copper resistant strain obtained by culturing in copper-containing medium has a high hydrogen sulfide producing activityl2> and, when cultured in copper medium, cells contain much copper and sulfide13~. Hence cells of L1, L2, L12 and L1R harvested at various growth stages were compared for the nitroprusside reaction.
The results are represented in Table  3 , for which Figs. 3, 4 and 5 are to be consulted to find the growth stages.
Nitroprusside reaction was not detectable with cells harvested from the non-copper medium.
The reaction was very weak with cells harvested from 0.1 mM copper medium.
In 0.4 mM copper medium, the reaction was not appreciable with L2 and ' Table 3 . Intensity of nitroprusside reaction of cells of four strains incubated in containing various concentrations of CuSO4.
f, +, * and +, color reactions in order; ±, very weak reaction; -, no detectable reaction.
Copper content of (mg/g dry weight) is represented in parentheses.
HG medium descending cells Vol. 77 L12 which grow without inhibition, while the reaction becamee intense in L1 after the secondary growth began, and the reaction intensity rose in LiR with the increase of copper content of cells. In 1.5 mM copper-medium, the reaction was very weakk with L1 in which the growth was inhibited, and the reaction became intense with L2 and L12 in the phase of the secondary growth, namely, when copper content became remarkable.
Hence some sulfur compound(s) of reduced type seems to be responsible for the remarkable copper accumulation in the strains obtained through the training culture, while some other substance(s) may be responsible for the relatively low copper accumulation of the untrained strains which grow in a given copper concentration without the overgrowth by resistant mutant.
In the latter kind of cells, the copper content is roughly proportional to the copper concentration of the medium.
In order to get a suggestion concerning the metabolic character of the latter type, L1, L2 and L12 were plated with HC agar which contained various enzyme inhibitors.
Colony counts scored after 4 days incubation are represented in Table 4 . Relatively copper resistant strains, L2 and L12 were less sensitive to p-chloromercuribenzoic acid and sodium arsenite than copper sensitive L1, no significant difference between them being pointed out for the rest of inhibitors used. Hence the sensitivity to thiol-inhibitors seems to be correlated with the sensitivity to copper.
Discussion
Various levels of copper resistance were noticed among haploid strains of Saccha romyces cerevisiae which had never been exposed to inhibiting concentration of copper, and hybrids showed the same level of resistance as the more resistant one of the parents (Fig. 1) . The copper resistance of this sort is known to be controlled by a gene4' .
When a strain is inoculated in a medium containing a concentration of copper which inhibits its growth but does not injure the cells too much, the growth of resistant cells become apparent after a considerable period of lag phase (Figs. 2..  and 4) .
Copper resistant strains can thus be obtained by subculturing in copper contain It is hoped to compare the resistance mechanism of the strains obtained by " training " 'culture with that of the strains which are relatively copper resistant without being " trained ".
Simple hypotheses to account for copper resistance may involve low copper permeability of cells and high production of substance(s) which can detoxify copper by binding.
For the former case may be mentioned streptomycin resistance in Escherichia coli14', Bacillus megaterium15' and B. subtilis under anaerobic condition15'. The high hydrogen sulfide producing activity of a copper resistant strain of yeast7' affords an example of the latter case.
The correlation between copper permeability and copper resistance may be suggested by the finding that the copper content of the relatively resistant strains, L2 and L12, was lower than that of copper sensitive L1 in the medium containing a low copper concentration that did not inhibit the growth of them all ( Fig. 3 ) and in the early culture age in the medium containing a higher copper concentration (Fig. 4) . The estimated amount of copper per unit cell volume indicates, however, that the copper " concentration " was higher in the cell than in the culture medium when copper was being accumulated.
Copper seems to be bound by cells. If the copper bound in the cell is no more toxic, production of copper-binding substances may be contributing to the copper tolerance of the cells. And whether the growth is inhibited by copper or not may depend on how soon the copper which has penetrated into cells is detoxified.
Then, the relation of the rate of copper penetration to the rate of production of detoxifying substances may have a critical meaning. When the penetrated copper is not detoxified sufficiently, , the physiological activity of cells will be impaired, and this in turn will result in further lowering of the rate of detoxifier production. The copper content per dry weight of cells increases with the progress of growth even during the logarithmic phase. This suggests that the activity of producing copperbinding substances grows larger in this phase.
For the populations which have not been "trained" with copper, however, nitroprusside reaction is not remarkable even when the copper content is high (Table 3) . Hence the copper accumulation by these cells does not seem to be owing to sulfide. The fact that copper resistant L2 and L13 relatively resistant to thiol-inhibitors ( Table 2 ) may suggest that they contain relatively high amount of thiol-compounds. It is suspected that tetracoordinate type of copper complex is also involved among the intracellular bond forms of copper13' . The hydrogen sulfide producing activity of the "trained" strains becomes high in the later part of logarithmic phase12' . Hence some substances other than hydrogen sulfide may contribute to detoxification of copper in the lag and in the early logarithmic phases. Thiol-compounds may be suspected also on this case. Summary 1. Using haploid strains which had never been exposed to copper medium but had three different levels of copper resistance, the following facts were observed: a. Hybrids showed the same resistant level as the more resistant one of the parents. b. The most resistant haploid strain grew more slowly than other strains in the Vol . 77 non-copper medium. c. Sensitive strains accumulated more copper in cells than the strains of higher resistance. d. The most sensitive strain was more sensitive to P-chloromercuribenzoic acid and arsenite than more resistant strains. :2. In the copper resistant strain obtained by "training ", copper seems to be accumulated as sulfide. 3. For the "untrained" strains and for the early growth phase of "trained" strains, thiol-compounds are suspected to detoxify copper in the cell.
The author wishes to express his cordial thanks to Professor Jo ji Ashida for his kind guidance during the course of this investigation.
He would also like to thank the members of the research group of yeast variation for helpful advice and criticism.
